
water; little local discomfort results, such hyperemia as
follows subsiding in from twenty-four to forty-eight
hours.

WHAT CONSTITUTES A REACTION.
A tuberculin reaction may be either local or general.

If local, the symptoms may be confined to a small area
and consist of congestion, swelling, pain, tenderness on
pressure, or increased secretion. Local reactions, as a

rule, are not clearly defined; they occur particularly in
adenitis and in disease of the joints and of the larynx;
it is not infrequent that increased moisture will be heard
over a suspected area in the lung without other change
in the character of the respiratory sounds. In a general
reaction the symptoms may be slight or so severe as to
give rise to grave apprehensions on the part of the pa-
tient or the friends. The symptoms usually occur in
from twelve to twenty-four hours and consist of fever,
pain throughout the body (particularly the back and
joints), nausea, vomiting, headache, increased cough and
expectoration, restlessness, chill, or the ordinary evidence
of a common cold. Many of these symptoms may be
entirely lacking, others existing either slightly or to a
severe degree. The most distinctive evidence of reac-
tion is usually presented in the change of temperature,
a variation from one to even three or four degrees from
the record for the previous days being taken as a posi-
tive evidence, other possible causes, of course, being
eliminated.

The reaction may be retarded, not coming on until
the second day, then appearing suddenly and presenting
the most conclusive evidence. Even when the reaction is
violent the maximum is reached in a few hours, the
symptoms then subsiding gradually, so that in twenty-
four hours from the outset the patient is again practi-
cally normal. I have occasionally had my attention
called by the test to the larynx, where, beforehand, no

suspicion of trouble existed, the reaction causing slight
or marked local redness with such symptoms as occur

in ordinary acute laryngitis. Slight chill, a rise of two
to three degrees in temperature and more or less aching
is the rule, nausea being less frequent and vomiting
rarely seen.

ALL TUBERCULOUS PATIENTS WILL NOT REACT TO THE
ORDINARY TEST DOSE.

As has already been pointed out, a recent case, or one

presenting but a small or circumscribed deposit, will
react more positively than will the usual well-developed
case or one in which there is extensive involvement. In
other words, in the advanced or extensively involved
case, a certain degree of tolerance is established to tuber-
culin, an evidence that Nature produces in the body the
same resistive element (call it partial immunity, if you
like) that occurs when tuberculin is used in gradually
increasing dosage.

WHAT PRODUCES THE REACTION.

With all that has been written, following innumerable
experiments on lower animals, after the most pains-
taking laboratory experiments, as yet there is no satis-
factory explanation for the phenomena of the tuberculin
test. Empirically we know the results as we do with
many remedies; scientifically we are in the dark here
as we are with the "how and why" of the action of many
of our simplest and commonest remedies.

In conclusion, I wish to affirm my belief in the effi-
cacy, safety and positive diagnostic value of a properly

conducted tuberculin test, and to state that, while a fail-
ure to react is not proof positive that the disease does not
exist, a clearly defined reaction must be accepted as diag-nostic proof of the existence of tuberculosis.

WATER SUPPLY AND PUBLIC HEALTH.
CHAPTER I.

WATER AND DISEASE.
The causal connection between water and disease has been

impressed on the human race by a series of tragic occurrences.
Throughout the Middle Ages a common explanation of any
sudden outbreak of epidemic disease was that "somebody had
poisoned the wells," and this unhappy hypothesis often led to
a destruction of life which was even greater than that caused
by the original epidemic. The belief that certain outbursts
of a specific disease were somehow associated with drinking
water did not, however, become general until about the middle
of the nineteenth century, when a number of facts hitherto
seen through a glass, darkly, first came into clear view in
connection with the causation of Asiatic cholera.

(a) Asiatic Cholera.\p=m-\This disease afforded an early and
conspicuous demonstration of the relation between a specificdisease and the use of a given water supply. The famous case
of the "Broad Street Pump" in London in 1854 has long been
celebrated as an epidemiologic classic.1 It will be recalled that
a remarkably concentrated and explosive outburst of cholera
occurred among the persons who used the water from a certain
well in Broad Street. The circumstances surrounding this out-
break were such as to .foster immediately the suspicion, even
in those prebaeteriologic days, that the well water contained
the "specific poison" of Asiatic cholera. Fortunately for the
advance of preventive medicine, the investigation of the occur-
rence fell to the lot of several shrewd and competent observ-
ers, who succeeded in securing convincing evidence, amounting,indeed, to virtual proof, of the causal connection between the
use of the water and the production of infection. It is with
much reason that some writers date the beginning of modern
epidemiology from the inquiry into the Broad Street pump epi-demic of Asiatic cholera. ,

In more recent times the connection between drinking water
and Asiatic cholera has been graphically shown in the famous
Hamburg-Altona epidemic of 1892-3. Here similar population
groups in the two cities, living under identical climatic and
social conditions, were most diversely affected. The residents
of Hamburg were supplied with unaltered water from the
River Elbe and suffered severely, while the inhabitants of
Altona, who were supplied with filtered water from the same
source, remained almost entirely exempt. Topographically and
industrially the two communities were under identical condi-
tions; the character of the water supply alone determined the
presence or absence of infection. In those districts in which
the Hamburg water mains passed across the boundary line for
a short distance into Altona a tongue of cholera-infected housesprojecting into Altona betrayed the presence of the infected
water.

(ft) Typhoid Fever.—The evidence connecting epidemics of
typhoid fever with drinking water is intrinsically more difficult

[This is the first of a series of articles on the relation ofwater supply to the public health. Succeeding papers will treatof kindred topics, such as the methods of sanitary water analysis,the methods of water purification and similar themes. Many ofthe existing treatises on water and water supply have been written,primarily, for the engineering rather than for the medical profes-sion, and it has seemed to us desirable to secure a presentation ofthis subject that shall be of especial value to medical readers. Inmost communities, physicians rather than engineers constitute themembership of the local board of health, and it is to the former,consequently, that the public must look for proper guidance inthe matter of safe water supply. As a matter of fact, the water\x=req-\supply problem is often of a hygienic rather than of an engineeringcharacter.\p=m-\Ed.]
1. Sixth Report of the River Pollution Commission. Appendix10, p. 499. An excellent detailed review of this outbreak is givenin "Principles of Sanitary Science and the Public Health," byW. T. Sedgwick. The Macmillan Co., 1902.
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to secure than in the case of cholera, owing to the long period
of incubation and the frequently obscure symptoms of the for-
mer disease. Nevertheless, an overwhelming number of cases
is on record in which the association between the use of a par-
ticular drinking water and an outbreak of typhoid fever is so
direct as to admit of no doubt as to the causal relationship.

There is no need to recapitulate here in detail the features
of the more familiar water-borne epidemics of typhoid fever.
These are for the most part on file in easily accessible publi-
cations. Among the classic epidemics may be mentioned the
one at Lausen, Switzerland, in 1872 ;" at Plymouth, Pa., in
1885 ;3 at Worthing, Eng., in 1893 ;' at Ithaca, N. Y., in 1903,'
and at But!«r, Pa., in 1903."

In addition to the evidence afforded by these epidemics of a

circumscribed and definite character, there is a large body of
evidence, less direct to be sure, but very cogent, derived from
a study of the typhoid fever death rates in those cities afflicted
with more or less polluted public water supplies. Attention
has often been directed to the low typhoid fever rate in cities
supplied with a surface water purified by sand filtration, as

compared with the higher death rate in cities furnished with
un filtered surface water.

Table 1.
Cities Using Sand Filtered Sur-

face Waters.—Typhoid Rate
per 10,000.

Berlin .0.50
London .1.40
Hamburg .0.90
Rotterdam .0.20

Cities Using Unfiltered Sur-
face Waters.—Typhoid Rate
per 10,000.

Boston .2.79
New York .1.81
Baltimore .4.50
St. Louis .4.70

Table 2 shows the death rate from typhoid fever in the
principal cities of two large states. In one of these states the
public water supplies were under the direct legal control of the
State Board of Health ; in the other such authoritative super-vision was lacking.
Table 2.—Average Typhoid Fever Death Rates. (1898, 1899 and

1900.—Fuller.)
PENNSYLVANIA. MASSACHUSETTS.

CITY. DEATH KATE.
Pittsburg. 108
Allegheny. 86
Johnstown. 83
York. 83
Chester. 64
Lancaster. 59
Philadelphia. 54
McKeesport. 53
Reading. 50
Alientown. 49
Harrisburg. 41
Altoona. 33
Wllkesbarre. 29
Erie. 28
Scranton .'.. 23

CITY. DEATH RATE.
Boston. 30
New Bedford. 30
Springfield. 26
Lawrence. 25
Taunton. 25
Brockton. 24
Chelsea. 24
Salem. 23
Fitchburg. 21
Lowell. 21
Lynn. 20
Newton. 20
Cambridge. 18
Worcester. 18
Fall River. 15

An immediate and striking effect on the typhoid fever death
rate has often been observed when a city has exchanged a

polluted» water supply for one of more satisfactory character.
Thus the city of Vienna between 1851 and 1874 procured its
public water supply from the River Danube, and during this
period the typhoid rate ranged from 100 to 340. In the latter
year a pure spring water was introduced and the typhoid rate
at once became and has since remained consistently low, aver-

aging only 5.1 in the years 1898-1902. In Chicago the typhoid
fever death rate fell to the lowest point recorded in th.e history
of the city in the year (1900) immediately following the open-
ing of the Chicago drainage canal, which diverted a large por-
tion of the city sewage away from Lake Michigan, the source
of the city water supply.'

A singularly instructive condition existed at one time in
the city of Paris. The main water supply was obtained then
as now from various springs and small rivers and was of fairly
satisfactory character, but during certain seasons this source

proved inadequate, and the scanty supply was eked out with
water from the polluted River Seine. In order that every part

2. H\l=a"\gler:Deuts. Arch. f. kiln. Med., 1873, 11, p. 237.
3. First Ann. Rep., State Board of Health and Vital Statistics

of Pennsylvania, 1886.
4. Thomson, Ann. Rept. Med. Officer, Local Gov't Board, 1893-4,

p. 47.
5. The Journal A. M. A., March 21, 28, Apr. 4, 1903.
6. The Journal A. M. A., Dec. 12. 1903; Eng. News, Dec. 21,

1903; Twentieth Ann. Rept. of Penn. State Board of Health.
7. The Journal A. M. A., Dec. 20, 1902.

of the city should share alike, each arrondissement was sup-
plied in turn with river water, due notice being given through
the public press to the residents of the district concerned. That
the authorities clearly recognized the situation is shown by
fact that if the river water was supplied for more than twenty
days of the year the householder had the right to demand a

reduction in his water rates (Legge). The effect of the orderly
distribution of the Seine water was manifested by a miniature
epidemic of typhoid fever which followed the course of the
Seine water from one section of the city to another. In 1889
an accident occurred to the conduit of the Vanne, one of the
chief sources of the spring water supply, and all Paris received
nothing but river water for five days. It is estimated that
this caused 1,570 cases of typhoid fever.

(c) Other Diseases.—In addition to Asiatic cholera and
typhoid fever a number of other diseases have been attributed
with more or less reason to water-borne infection. Conspicu-
ous among these is the so-called epidemic diarrhea. Various
well-defined outbreaks of intestinal disturbance have been
traced not infrequently to the use of polluted water. An in-
teresting outbreak of a dysenteric affection ascribed to the
use of well water has been reported by Lartigau.8 This case
is a particularly important one since the micro-organism ap-
parently responsible for the infection (B. pyocyaneus), was iso-
lated both from the discharges of the patients and from the
contaminated well water.

The most extensive epidemic of this order yet described ia
one recently recorded by Thresh,9 which occurred in the borough
of Chelmsford, Eng., attacking about 1,400 persons, mostly
adults, and causing 14 deaths. The practical limitation of the
cases to definite sections of the population first threw suspicion
on a certain portion of the water supply. The original sources
of supply apparently were not exposed to pollution, but a
small uncovered reservoir was found into which water from a
deep well had been pumped and through which it flowed to
mix with water from a spring in a large covered reservoir.
The conditions surrounding the small reservoir are thus de-
scribed: "'This small reservoir was not bricked above ground
level, hence during heavy rain water from the ground around
would run into it. Adjoining one end of this reservoir was a

patch of garden ground on which flowers were being grown.
This I found was manured from time to time with road scrap-
ings." The intimate connection between the onset of the epi-
demic and a particularly excessive rainfall was shown by the
fact that the epidemic commenced between July 23 and 25,
while the rainfall records show that after three rainless weeks
0.50 inches of rain fell on July 17, 0.45 on July 19, and no less
than 2.1 on July 23. Table 3 sets forth the relation subsisting
between the use of the contaminated water and the deaths
from diarrhea.

Table 3.—Deaths from Diarrhea during Epidemic.
5,000 persons not using contaminated water. 0
7;700 persons using the contaminated water. 1423,000 persons in the remainder of the union not using the con-

taminated water. 0
Less convincing than such well-marked outbreaks are the

instances that have been reported in which water-borne epidem-
ics of typhoid fever have been preceded by a large number of
eases of diarrhea. This circumstance has been regarded by
some observers as indicating that the ingestion of polluted
water causes in some persons a diarrheal disease with a short
period of incubation and in others genuine typhoid fever. A
critical re-examination of the evidence, however, is needed in
most of these cases, especially since the bactériologie data are
strikingly incomplete. It is sometimes alleged, further, in
communities in which typhoid fever has been rife, as in the
cities of Chicago and Philadelphia, that cases of apparently
non-specific diarrhea have been notably more common than in
cities supplied with purer water. The so-called attacks of
"winter cholera" should perhaps be placed in this category.

The degree to which infantile diarrhea can be rightly as-
cribed to the use of infected water must be considered an open
question. Some facts, such as those recorded Reinke,10 lent

8. Jour. Exp. Med., 1898, 3, p. 595.
9. British Med Jour., Sept. 26, 1903.
10. Bericht \l=u"\ber die medicinische Statistik d. Hamburgisch,

Staaten f\l=u"\r1892.
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color to the supposition that infection sometimes comes by
this channel. The danger must be recognized as a real one,
although the relative frequency of water infection under or-

dinary conditions of infant nourishment has not yet been
definitely ascertained.

Both the bacillary and the amebic forms of dysentery are

ordinarily water-borne infections. Although the two infections
are etiologically and otherwise distinct, the sources of infec-
tion and the modes of transmission are probably very similar..
In both cases the infectious elements are contained in the feces
of the patient or convalescent, and the entrance of the bowel
discharges into drinking water must constitute the most im-
portant mode of dissemination, precisely as in Asiatic cholera.

The somewhat rare affection known as Weil's disease or

infectious jaundice has also been definitely traced to the use of
polluted water.11 The organism (B. proleus fluorcscens) con-
cerned in the causation of this disease is discharged from the
body of the sick in the urine and feces,12 and the same prophy-
lactic methods, therefore, are necessary as in typhoid fever.

Anthrax in animals sometimes has been traced to the use of
highly contaminated water, notably in a case reported by
Diatroptoff.13 River water may receive anthrax spores through
the drainage from tanneries and the like, and when such in-
fected water overflows meadow lands the spores may be depos-
ited and taken up subsequently by grazing cattle. No in-
stance appears to have been recorded of water-borne infection
in man.

The opinion has often been expressed, especially by physi-
cians in malarious regions, that water derived from marshy
districts is the cause of malaria, but there is no real evidence
that this is the case. Experimenters who have drunk water
taken from swamps in malarial localities have experienced no
ill effects, and even the swallowing of small quantities of blood
derived from malarial fever patients and known to contain the
specific parasite has not produced the disease. Furthermore,
the demonstrated dependence of malaria on the bite of certain
mosquitoes places the hypothesis of malarial water infection
in the region of unverified myth.

It seems quite unlikely also that water ever serves as the
vehicle of infection in yellow fever. In this disease, as in
malaria, the transfer from man to the mosquito and back
again to man seems to be the only means of propagation.

In the case of the bubonic plague it is very doubtful whether
water plays any role in the transmission of the disease. The
German Plague Commission was unable to discover evidence of
any authentic case of alimentary tract infection in man, and,
although perhaps the possibility of water infection can not be
altogether excluded, this mode of conveyance must be so infre-
quent as to have little practical importance.

Infection with various animal parasites may sometimes result
from the contamination of drinking water, especially in tropical
countries. It is stated that the occurrence of the hydatid stage
of Tcenia echinococcus in man is usually due to the swallowing
of the ova present in polluted water. The tapeworm form of
this parasite inhabits the intestine of the dog and human infec-
tion is said to be common in countries where dogs abound, as
in Australia and Iceland. Infection with Ascaris lumbricoides
is also usually attributed to drinking water. The ova of this
worm may pass directly from the intestine into sewage, and if
such sewage enters a water supply a possible cycle of infection
is clear. Other parasites, infection with which is attributed
with more or less reason to water conveyance, are Bilharzia
hematobia. Ankylostomum duodenale, Trichoccphalus hominis
and Filaría mediensis.

CHAPTER II.

SOURCES OF INFECTION".

The most common way in which water becomes infected is
through admixture with sewage. The infectious elements or
disease germs in sewage sometimes may be derived from street
washings or from factory waste, but in the great majority of
cases they enter the sewage directly together with the dis-

11. J\l=a"\ger,Zeits. f. Hyg., 1892, 12, p. 525.
12. Conradl and Vogt, Zeit. f. Hyg., 1901, 37, p. 283.
13. Ann. Past., 1893, 7, p 286.

charges from the human bladder or intestine. This is notori-
ously the case with the bacteria of typhoid fever and Asiatic
cholera, diseases which are by far the most common as they are

the most serious of the water-borne infections.
In Asiatic cholera, it is well known that the specific germ

leaves the human body in the intestinal dicharges in which it is
often present in large numbers. It has been shown also that the
dejecta in mild and apparently simple cases of diarrhea, occur-

ring in times when cholera is prevalent, may contain myriads
of cholera spirilla, and that at such periods, moreover, cholera
spirilla have even been found in the intestinal contents of per-
fectly well and healthy persons. It follows that such persons,
migrating from a cholera infected district, although remaining
healthy themselves, may be the means of scattering the seeds
of infection. Any condition, therefore, chance or otherwise,
that allows sewage to mingle with water used for drinking
purposes may be the means of originating an outbreak. Those
communities into whose water supply sewage enters are, hence,
in greater or less peril at all times when cholera is rife in the
surrounding region.

The sources of infection in typhoid fever are similar to those
in cholera with the addition that the liability of carriage by
mild or unrecognized cases is present in even greater degree.
The evidence both from epidemiology and bacteriology indicates
that the typhoid bacillus remains in the human body longer
after convalescence than does the cholera spirillum. This is
particularly true as regards its persistence in the urine. The
investigations of the last few years have shown that in from
25 to 30 per cent of all cases of typhoid fever the urine con-

tains typhoid bacilli. They are sometimes found here in
enormous numbers, and may range as high as 500,000,000 per
cubic centimeter (Horton-Smith). Examinations occasionally
reveal their presence far into convalescence, and it is possible
that in rare instances the urine of the patient may remain
infectious for years after complete recovery. The broad epi-
demiologic importance of this fact has only recently become
fully recognized. The evacuations of urine are more frequent
and copious than the discharges from the bowels, are more

highly infectious, and may remain infectious for a longer
period. On the supposition that the urine of typhoid fever
patients and convalescents may contain the specific bacillus,
apparently mysterious cases of isolated infection and even
obscure epidemic outbreaks become susceptible of plausible
explanation. At least one instance is on record" where a well
water apparently became contaminated from urine alone, since
typhoid bacilli were found in the water without any admixture
with colon bacilli, and this would hardly have been the case
had any accompanying fecal contamination occurred. The rela-
tive facility with which infection may result from the urine
of a case of walking typhoid or of a convalescent renders this
source of evil a particularly insidious one, and one> against
which special precautions will doubtless soon be taken more

generally both by health authorities and by physicians in pri-
vate practice. The well-known fact that urine can be freed at
least temporarily from typhoid bacilli by the administration of
hexamethylenamine to the patient has been taken general ad-
vantage of, but other methods of disinfecting the urine after
passage (e. g. with carbolic acid or mercuric chlorid) should
not be neglected, especially in view of the fact that the bacilli
may reappear in the mine when the hexamethylenamine is
discontinued.

Perhaps the most common source of water-borne anthrax in-
fection is the entrance into water of anthrax spores discharged
in the drainage from tanneries. The spores may become de-
tached in the process of cleansing hides imported from anthrax
infected localities. Infection of well water with spores derived
from the bodies of dead or diseased animals may also con-

ceivably occur.

In considering the pollution of large bodies of water such as
lakes or rivers, it has been customary to lay great stress on

urban as opposed to rural sources. Thus, emphasis is often
placed on the urban or sewered population on a watershed to
the relative neglect of the dwellers in rural districts. There
can be no doubt that so far as the amount of organic matter
entering a river is concerned, the urban population is vastly

14. K\l=u"\blerand Neufeld, Zeitsch. f. Hyg., 1899, 31, p. 133.
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more significant than the rural, but the question of infection is
on a different footing. Many scattered farmhouses are provided
with outhouses or privies which adjoin, or perhaps overhang
small tributaries of the main stream. Disease germs may be
introduced from this source, and owing to the relative neglect
of disinfection in country districts, this may occur more read-
ily than in urban communities. It may be noted that some
of the greatest epidemics of typhoid fever have been caused by
infection from rural sources; Plymouth, Ithaca and Butler are

familiar examples. There is evidence, further, that typhoid
bacilli introduced into water together with abundant organic
matter, as in sewage, perish more quickly than when intro-
duced into relatively pure water. From this standpoint also
rural infection can hardly be regarded as a negligible quantity.

CHAPTER III.
INJURY OF WATER SUPPLY BY A.LQJE AND RELATED ORGANISMS.

In certain regions and at certain seasons of year the appear-
ance of disagreeable odors and tastes in drinking water is not
an infrequent occurrence. These odors are particularly likely
to develop in reservoir or storage basin waters, the affected
waters often becoming so disgusting as to preclude their use
on the table. It is usually popularly assumed that such odors
or tastes are due to the active decomposition of matters of
animal origin or even that the nauseous qualities are due to
the admixture of sewage with the water. The presence of
these odors consequently causes serious concern among water
drinkers, but such concern, however, is not altogether jus-
tified. The malodorous or unappetizing emanations, which
are quite various in character and are often picturesquely
described by terms such as "fishy," are as a matter of
fact due to the products of growth, or sometimes to the
products of decomposition of microscopic algae. These prod-
ucts, at any rate in the proportion in which they are
found in natural waters, are not known to have any prejudicial
effect on human life and health. The practical seriousness of
the trouble, however, is shown by the fact that some supplies,
representing large investments, have been rendered almost
valueless by becoming infested with alga?. In other cases

large expenditures have been found necessary to remedy the
evil.

The organisms commonly found producing these odors belong
to several distinct groups. Some of them are diatoms, some
of them Cyanophyceœ (blue-green algae) and some of them
are infusoria. Among the diatoms Asterionella has been the
genus most frequently associated with the occurrence of un-

pleasant odors. When this diatom is present in small numbers
the odor has been described as aromatic, resembling the odor
and taste of the geranium, but when it occurs in very largenumbers it imparts a distinctly disagreeable, fishy odor to the
water. Asterionella frequently multiplies in great abundance
in pure ground waters which have been stored in reservoirs and
which, owing to their nitrate content, and their exposure to
light and air, afford a highly favorable medium for the develop-
ment of diatoms. In some cities, e. g. Brookline and Newton,
Mass., it has been found necessary to prevent the growth of this
diatom by roofing over the storage reservoir and so excludingthe light that is necessary for growth. Some other diatoms,
such as Tabellaría and Meridian, are found to produce dis-
agreeable odors in public water supplies, but Asterionella
surpasses other organisms of this class both in the frequency of
its occurrence and the offensiveness of its products. These
odors arising from the presence of great numbers of diatoms
are due to the products of growth of the living micro-organism
and not to the products of decomposition. It has been well
established that these products of growth are due to oily com-

pounds (essential oils) secreted or excreted during the healthymetabolic activity of the organism.
Among the blue-green algœ (Cyanophyceœ) several species

have been found implicated in the production of disagreeable
odors. By far the most troublesome of these is the genus
Anabœna, the natural odor of which is described as "mouldy"
or "grassy," but which when the process of decomposition sets
in evolves an extremely offensive stench, almost universally
described as suggestive of the pigpen. This "pigpen" odor is
produced by the decay of highly nitrogenous organic com-

pounds, containing sulphur or phosphorus, of such compounds
in fact as those which usually produce the evil smells proceed-
ing from the decomposition of organic matter. Many hygieni-
cally excellent and otherwise highly desirable water supplies
have been seriously injured by becoming infested with Ana-
bwna. Other blue-green algae which produce nearly or quite as

offensive an odor are Clalhrocystis, Rivularia, Coelosphaerium
and Aphanizomenon, although they are not found so commonly
as Anabosna in public water supplies.

Among the grass-green algae (Ghlorophycew) the general Vol-
vox, Eudorina and Pandorina have been found associated with
the production of more or less pronounced "fishy" odors, which,
as in the case of the diatoms, are due to the qualities of the
essential oils formed during the normal growth of the organ-
ism.

In the group of infusoria, Uroglena and Synura have proved
specially objectionable as inhabitants of water supplies. A
number of important public supplies have been rendered prac-
tically unfit for use through the presence of Uroglena. Middle-
town and Meriden, Connecticut, and Norwood and Plymouth,
Massachusetts, are among the places where the organism has
caused much trouble. The disintegration of the organism dur-
ing its passage through the water pipes is often responsible for
the liberation of the odoriferous materials. The water taken
from pond or reservoir may swarm with colonies of Uroglena
and yet emit no disagreeable odor, while the tap water drawn
from supply pipes may be highly offensive. The odor produced
by this organism is hence not really one of decomposition,
although of an intensely offensive character. Other odors of
growth have suggested to various observers the odors of ripe
cucumbers, rockweed, Irish moss, salt marsh, and even in the
case of infusorium ( Gryptomonas ) candied violets !

There is no reason for supposing that the odors and tastes
due to the presence of large numbers of any of these micro-
scopic organisms are in any degree dangerous to health; this
is doubtless true whether the odor be caused by the products
of growth or by those of decomposition. The proportion in
which these substances occur in the natural waters in question
is so small as to preclude any physiologic effect. In the actual
operation of water works, however, the impairment of the
esthetic value of water by these micro-organisms has often led
to considerable expense, and has sometimes placed practical!}'
insuperable obstacles in the way of securing a supply that is
both palatable and hygienically suitable.

Another micro-organism that is related only rather remotely
to the algae and infusoria just under consideration, but which
has frequently caused much inconvenience in the conduct of
water works is the so-called iron fungus or Crenothrix. This
organism is one of the largest of the higher bacteria and,
among other peculiarities, is characterized especially by the
deposits of oxid of iron in the sheaths of the filament. The
growth of this organism on the sides of the pipes and conduits
of various public water works in widely separated localities
has caused much annoyance. The rapid multiplication of this
plant may suffice to cover entirely the walls of a reservoir or
drain pipe with a thick felt, portions of which are dislodged
at frequent intervals and swept along by the current as small,
dark brown flocculent masses. As these appear in the tap
water they are extremely unsightly. Decomposition of these
particles may occur and produce offensive odors. Small pipes
may become entirely clogged by the growth. The famous
"water calamity" of Berlin in 1878 was the first occasion on
which the production of trouble was definitely laid at the
door of this organism. Other municipal supplies have since
been attacked by Crenothrix, notably that of the city of Rot-
terdam, Holland, where the Crenothrix invasion was thoroughly
investigated by the distinguished botanist, DeVries. At Rot-
terdam, the operation of a well-conducted sand-filtration plant
has been grievously interfered with by the growth of this
organism, which indeed is said still to cause trouble in spite of
all efforts at its eradication. The cities of Lille. France,
Rome, Italy; and some places in this country (e. g. Wayland,
Mass., and Fairport, 111.), have also suffered from the develop-
ment of Crenothrix in pipes or reservoirs.

(To be continued.)
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